DevS is a heme-based sensor kinase required for sensing environmental conditions leading to non-replicating persistence in M. tuberculosis. Kinase activity is observed when the heme is ferrous 5-coordinate highspin or 6-coordinate low-spin CO or NO complex, but is strongly inhibited in the oxy complex. Discrimination between these exogenous ligands has been proposed to depend on a specific hydrogen bond network with bound oxygen. Here, we report resonance Raman data (RR) and autophosphorylation assays of wild type and Y171F DevS in various heme complexes. The data demonstrate that this tyrosine residue is required for distinguishing between exogenous ligands as minimal activity is observed for Y171F DevS in all exogenously ligated states. Further, RR results indicate that hydrogen bonding to bound oxygen is perturbed in this mutant. The mechanistic picture that emerges suggests that interactions between Tyr171 and distal diatomic ligands act as a switch, turning kinase activity on or off.
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Structural picosecond relaxation and deactivation in NO-sensors Department Chemistry and Biochemistry, Eastern Oregon University, La Grande 97850, USA. michel.negrerie@polytechnique.fr Nitric oxide (NO) is an intercellular messenger in several physiological systems and binds to the heme Fe 2+ of NO-sensing proteins, inducing a response. Activation and deactivation mechanisms of the human NO-receptor soluble guanylate cyclase can be investigated by studying bacterial NO-sensors having structural homologies and similar coordination properties [1] . To understand how NO-sensors control NO reactivity, we probed dynamics of NO within the protein core and associated structural changes by time-resolved picosecond spectroscopy [2] . For cytochrome c 0 , we identified the formation of 5-coordinate (5c)-NO and 5c-His hemes from 4c-heme and demonstrated that proximal histidine precludes NO rebinding to heme. In two thermophile bacteria, the response of NO-sensors to temperature changes is achieved by a change of the proportions between 5c-NO and 6c-NO species (Fig. 1) . 
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Heme-binding characteristics of the transcriptional regulatory factors mPer1, and mPer2, associated with circadian rhythms Kenichi Kitanishi, Koya Hayasaka, Ryouko Nagata, Mami Harada, Jotaro Igarashi, Toru Shimizu Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai 980-8577, Japan. kita24@mail.tagen.tohoku.ac.jp Circadian rhythms coordinate important physiological functions, both in the brain and peripheral cells. In the forebrain, transcription of specific genes, such as period homolog (Per) and cryptochrome (Cry), induced by the NPAS2/BMAL1 heterodimer, lead to translation of the corresponding regulatory proteins, Per and Cry. The isolated bHLH-PAS-A domain of NPAS2 binds Fe(III) heme and that a Cys thiolate is the heme-binding site [1, 2] . The isolated PAS-A domain of mouse period homolog 2 (PAS-A-mPer2) showed heme-binding characteristics similar to NPAS2 [3] . In addition, it was found that the Fe(III) heme complex transfers from the holo PAS-A domain of NPAS2 to apo PAS-A-mPer2 [3] . We further examined the heme-binding characteristics of mouse period homolog 1 (mPer1). The isolated PAS-A domain of mPer1 (PAS-A-mPer1) also showed heme binding characteristics similar to PAS-A-mPer2. However, Fe(III) heme coordination structure of PAS-A-mPer1 is a five-coordinated highspin complex in contrast to that of PAS-A-mPer2 which is a sixcoordinated low-spin complex. Based on these physicochemical data, we discuss the role of the Fe(III) heme complex in transcription associated with circadian rhythms. This work was in part supported by Grants-in-Aid from the International Advanced Research and Education Organization of Tohoku University and from a Research Fellowship of the Japan Society for the Promotion of Science for Young Scientists (to KK).
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Heme-binding characteristics of the PAS domains of mouse Per1 and Per3: transcriptional regulatory factors associated with circadian rhythms Mami Harada, Ryouko Nagata, Kenichi Kitanishi, Jotaro Igarashi, Toru Shimizu Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai 980-8577, Japan. m.harada@mail.tagen.tohoku.ac.jp Neuronal PAS protein 2 (NPAS2) and mouse period 2 (mPer2) are heme-binding transcriptional regulatory proteins associated with circadian rhythms. Both NPAS2 and mPer2 proteins have N-terminal heme-bound PAS domains. Cysteine thiolate is the Fe(III) heme axial ligand in these proteins. Redox-dependent ligand switching is a specific feature of these proteins, as cysteine thiolate is not an axial ligand in Fe(II) heme complexes [1] [2] [3] . Heme-sensor proteins such as HRI, Bach1, IRP2, E75, and DGCR8 have cysteine thiolate as the Fe(III) heme binding site. Therefore, it seems that cysteine thiolate coordination to the Fe(III) heme complex might be valuable for exploitation of specific thiolate-Fe(III) bond characteristics in hemesensor proteins; these include facile dissociation of the Fe(III) heme complex and redox-dependent ligand switching. Mouse period 1 (mPer1) and mouse period 3 (mPer3) are homologs of mPer2. In the present study, we examined Fe(III) heme-binding characteristics of isolated PAS domains from mPer1 and mPer3; spectroscopic features were compared with those of mPer2. It was found that cysteine thiolate was the Fe(III) heme-binding site in both proteins, as in mPer2. However, coordination structures of the Fe(III) heme complexes of mPer1 and mPer3 differed from that of mPer2 with respect to coordination number, spin state, and pH-dependency. We discuss the physiological role of mPer1 and mPer3 in transcription associated with circadian rhythms.
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Structure/function relationships in a heme-based oxygen-sensor enzyme, Escherichia coli (Ec) DOS Madoka Sekimoto, Jotaro Igarashi, Toru Shimizu Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai 980-8577, Japan. madokas@mail.tagen.tohoku.ac.jp A heme-based oxygen-sensor enzyme, Ec DOS, catalyzes the conversion of cyclic-di-GMP to linear-di-GMP in response to oxygen binding [1] [2] [3] [4] [5] [6] . Ec DOS is unique in that the Fe(II) heme complex in the Nterminal sensor domain does not differentiate between gas molecules, and thus catalytic enhancement is observed when oxygen, CO, or NO bind. In contrast, other gas sensor proteins such as FixL, CooA, and soluble guanylate cyclase, specifically respond to oxygen, CO, and NO, respectively, and not to unrelated gas molecules. It is also interesting that heme-free Ec DOS has catalytic activity. Therefore, it is suggested that the heme iron in Ec DOS inhibits catalysis, and binding of a diatomic gas molecule releases the inhibition. Met95 is the axial ligand for the Fe(II) heme complex and oxygen binding to this complex switches the axial ligand from Met95 to the oxygen molecule. A Met95Ala mutant has high activity, comparable to that of oxygen-bound enzyme. Arg97 interacts with the oxygen molecule bound to the Fe(II) heme complex and it recognizes oxygen and stabilizes the oxygen-bound Fe(II) heme complex. Several hydrophobic amino acids located on the heme-distal side form a hydrophobic cavity to stabilize the oxygenbound Fe(II) heme complex. We discuss the roles of amino acids located on the heme-distal side in the initial stage of catalysis mediated by oxygen sensing, and subsequent intra-molecular signal transduction to the catalytic domain. [1] [2] [3] . However, it was not clear if the Fe(III) heme-sensing mechanism of human HRI was different from that of mouse HRI. In the present study, we overexpressed human HRI in Escherichia coli and examined the catalytic activity and Fe(III) heme-sensitivity of the purified enzyme. It was found that both activity and heme-sensing ability of human HRI differed from those of mouse HRI. By analysis of catalytic and spectral data, we discuss the Fe(III) heme-sensing mechanism of human HRI in comparison with that of mouse HRI. Mammalian Ngb is involved in neuroprotection under oxidative stress conditions such as ischemia and reperfusion. However, the neuroprotective mechanism remains unclear. We previously demonstrated that human ferric Ngb binds to the a-subunits of heterotrimeric G proteins (Ga i/o ) and acts as a guanine nucleotide dissociation inhibitor (GDI) for Ga i/o . In the present study, we used a protein delivery reagent, Chariot, to investigate whether the GDI activity of human Ngb plays an important role in its neuroprotective activity under oxidative stress conditions. We showed that human Ngb mutants, which retained GDI activities, rescued pheochromocytoma PC12 cell death caused by hypoxia/reoxygenation as did human wild-type Ngb. In contrast, zebrafish Ngb and human Ngb mutants, which did not function as GDI proteins, did not rescue cell death. These results clearly show that the GDI activity of human Ngb is tightly correlated with its neuroprotective activity. Moreover, we found that chimeric ZHHH Ngb, in which, module M1 of human Ngb is replaced by that of zebrafish Ngb, protects PC12 cells against oxidative stress-induced cell death even in the absence of Chariot. Using fluorescein isothiocyanate (FITC)-labeled Ngb proteins, we demonstrated that both zebrafish and chimeric ZHHH Ngb could penetrate cell membranes in the absence of Chariot, suggesting that module M1 of zebrafish Ngb can translocate into cells. 3 S 4 ] is expected to serve as a sensor to regulate the transcriptional activity of VnfA. However, little is known about a signal molecule for the sensor of VnfA. In the present study, we attempted identification of the signal molecule by using an activity reporter strain. The transcriptional activity of VnfA was estimated by monitoring the amount of transcript of the b-galactosidase structural gene, which is fused with the promoter sequence of VnfA. Generation of superoxide in the aerobically grown reporter strain by 10 mM phenazine methosulfate repressed the transcription from the VnfA promoter, while the prolonged monitoring found recovery of the transcription to the almost original level. Since a western blotting analysis for VnfA showed the constant amount of VnfA during the process, the observation could be associated with inactivation and subsequent reactivation processes of VnfA. Based on the result, we propose that VnfA senses superoxide as a signal molecule for negative regulation of the transcriptional activity, possibly through modification or decomposition of [Fe 3 S 4 ]. The recovery from the transcriptionally inactive form suggests the presence of a repair system for VnfA. We will discuss a reactivation process of VnfA in light of a biological synthesis of Fe-S clusters. Research Center for Materials Science, Nagoya University, Nagoya, 464-8602, Japan. nakajima.hiroshi@f.mbox.nagoya-u.ac.jp Azotobacter vinelandii is an obligate aerobic diazotroph that harbors three genetically distinct nitrogenases. Expression of these nitrogenases is regulated by corresponding transcriptional activators. VnfA is one of the activators and known to bind to an upstream sequence of vnf operons to express the vanadium nitrogenase. Previous studies revealed several properties of VnfA based on genetic analyses, while detailed analyses on function including a sensing mechanism to an effector molecule was thwarted due to difficulty to express and purify the VnfA protein using a recombinant system. Recently, we have succeeded to construct an expression system with E. coli and purify the protein. 
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